A retrospective cohort study was carried out aiming to assess the success rate of endodontic treatment of patients from the Faculty of Dentistry, University of Pernambuco, Brazil. The dental records of the sampling comprised all patients treated in 1998 and 1999. Trials were standardized and a pilot study was carried out to determine the feasibility of the proposed study. Chi-square and Fisher's exact tests were used to calculate the level of significance that was set at 5%. Logistic regression models were used to confirm significant effect of some variables on the endodontic outcome. The final sample size comprised 311 (75.9%) women and 99 (21.1%) men. The majority of cases (82.9%) were considered successful. Success was less frequent for patients with up to primary school education (55.6%) than for those with a higher degree of education (89.7%). The vital condition of the pulp showed a statistically significant relationship with the success of endodontic therapy (p<0.05). These results suggest that it is possible to attain very high success rates for endodontic treatment when both the intraradicular and the extraradicular causes of failure of endodontic treatment are well managed.
INTRODUCTION
The goal of endodontic therapy is the prevention and/or the elimination of pathosis of endodontic origin. It is generally accepted that correct diagnosis, proper debridement and preparation of the pulp cavity, and subsequent complete obturation of the prepared cavity are the triad essential for successful root canal therapy (1) .
Whenever the decision has to be made whether to perform endodontic treatment or to extract a tooth, it is of importance to gain an insight into the probability of success or failure under the given circumstances, i.e., age of the patient, socioeconomic class, vital or necrotic pulp, presence of periapical rarefaction, etc.
The literature is replete with studies evaluating the success rate of endodontic treatment and many follow-up studies have been performed. It is accepted that the success rate of treatment is positively correlated with the criteria for good technical quality of the root filling (2) , the apical and coronal microleakage in endodontically treated teeth (3), persistence of microorganism in the apical root canal and presence of cysts (4), anatomy of the main canal (5), presence and extent of preoperative periapical pathosis (6), apical limit of filling (7) , and presence of dental caries after root filling (8) . Furthermore, variability in treatment outcome has been suggested to be due to variations in operators' adherence to adequate treatment procedures and techniques (9) . Finally, in addition to root canal preparation and obturation, an appropriate treatment process includes, at the very least: preoperative radiography, determination of the working length, interappointment disinfection, and radiological control of the quality of obturation (1) .
The success rate of root canal therapy reported in the literature is generally high, ranging from 85% to 95% (10) (11) (12) . This variation is probably related to the lack of agreement among endodontists on a definition of success or failure of endodontic therapy (13) . The success or failure of endodontic treatment should be clearly defined when there is an attempt to make assertions of the prognosis of root canal therapy. It is, however, desirable to apply widely accepted criteria for the evaluation of the treatment outcome (14) . Furthermore, there is a difference in the expertise of those who perform the treatment and the correct decision to treat or not to treat teeth with unfavorable prognosis.
A number of studies have retrospectively evaluated the success rate of endodontic treatment. However, few have been established to determine the outcome identifying factors that might influence the prognosis. Thus, the purpose of this research was to evaluate the biological, behavioral, clinical, radiographic and socioeconomic-demographic aspects of a cohort of patients treated at the Faculty of Dentistry, University of Pernambuco, Brazil.
MATERIAL AND METHODS
A retrospective cohort study was carried out evaluating patients who were submitted to endodontic therapy in 1998 and 1999 by students of the Faculty of Dentistry, University of Pernambuco. Recife is the state capital of Pernambuco, Northeast of Brazil, with an estimated population of 1,600,000, mainly from low socioeconomic background. The average per capita family wage is US$180 per month and 43.6% of the population receives less than US$60 monthly according to government statistics (http://www.ibge.gov.br).
Endodontic treatment in Recife is largely provided by private practice or at dental faculties, since only a small number of dentists specialized in endodontics are employed by the dental public services.
The dental records of the sample were obtained from the endodontic clinic and comprised all patients treated in 1998 and 1999. Letters were sent to the patients informing them about the proposed survey and suggesting an appointment date for post-treatment control.
The next step was to select the ideal criteria to establish the success rate. For this reason, a broad review of the literature (332 articles from 1952 to 2002) was performed to identify the variables that were most often referred to in the literature. The selected variables were biological (type of tooth, health conditions, pulp and periapical pathology), clinical (DMF-T, pain, tooth mobility, intra-or extra-oral fistula, periodontal pocket, dental caries, swelling, presence of restoration or temporary restoration, tooth fracture, technical preparation of root canal, number of sessions, intracanal medicament, operatory accidents), radiographic (apical limit of filling, quality of root canal filling and presence of periapical rarefaction prior to or after treatment), socioeconomic-demographic and behavioral (gender, age, socioeconomic class, number of toothbrushings, selfreported oral health and last dental visit). In the present study, the authors chose to present the results, which were significant, by means of a logistical regression analysis.
Clinical success was indicated by the absence of signs and symptoms and it was assumed that the clinical success may have a strong relationship with the radiographic success determined by the following criteria: 1) no periapical lesion or lesion in progress present at the time of obturation; 2) periapical lesion present at time of obturation disappeared completely or was noticeably diminished in size.
The sample comprised 524 patients, both genders, ranging from 11 to 78 years of age. Patients were recalled after a period of 2 to 3 years for clinical and radiographic control. Trials were standardized and all necessary care was taken for data (training and calibration) and a pilot study of 50 cases was carried out to determine the feasibility of the proposed study.
Informed consent was obtained from each participant after providing the necessary information on the study design and objectives.
Participants were assigned to three socioeconomic categories: a) family income less than 2 times the minimum salary, b) earnings between 3 or more minimum salaries and c) earnings less than the minimum salary or those who did not have a steady formal job. This was adopted based on the Brazilian income distribution.
Those who agreed to participate were examined to assess all clinical and radiographic variables. An interview was carried out to collect information regarding age, gender, socioeconomic class and behavioral aspects.
The Statistical Program of Social Science (SPSS) was used for calculating frequency distributions, means and medians. Chi-square and Fisher's exact tests were used to calculate significance with the level of significance set at 5%. Logistic regression models were used to confirm significant effect of several variables on endodontic treatment outcome.
RESULTS
The response rate was 78.2%. The final sample size comprised 311 (75.9%) women and 99 (21.1%) men, age range 11 to 78 years. The mean age of partici-pants was 35.54 years. The sample contained a higher percentage of people who had not completed secondary school (59.1%). Table 1 presents data on socioeconomic-demographic characteristics of the sample. Table 2 shows the quality of endodontic treatment according to year of treatment. The majority of cases were considered successful (82.9%), 3.2% were doubtful and the percent distribution was very similar between the 2 years of treatment. Thus, there was no statistical difference between years, but when the rate of success/failure in each year was analyzed, the success rate was statistically significant compared to the failure rate.
In order to compare the quality of endodontic treatment with the biological, clinical, radiographic, socioeconomic-demographic and behavioral variables, the doubtful category was excluded from the analysis due to the small number of occurrences. Thus, a logistic regression model was performed with all variables that were statistically significant with the bivariate analysis, in order to establish the most important predictor variables for quality assessment.
Success was less frequent in patients with only up to primary school education (55.6%) than those with a higher degree of education (89.7%). The percentage of success was 6.9% higher in females compared with males (87.3% vs 80.4%) although the difference was not statistically significant. The rate of success/failure between genders was similar in this study. The vitality of the pulp showed a statistically significant relationship with the success of endodontic therapy (p<0.05).
DISCUSSION
In the present study, there was a loss of 21.8% of the baseline sample. Some of these cases may have been due to failure and the patients did not return because the tooth or teeth had been extracted. Also, patients with successful treatment and symptomless teeth are less likely to make the effort to return. It is accepted in the literature that if the proportion of losses is large (range of 30-40%), this would certainly raise serious doubts about the validity of the study results (15) .
A fairly consistent rate of success was recorded for all teeth observed in this study. The overall success rate of 82.9% seen in this study was excellent, keeping in mind that treatment was carried out by dental students. It is difficult to compare the results of the present study with others in the literature because of the varied criteria used. The overall success rate described in a similar study was 76.1% and dental students also performed the root canal therapy (16) . The results of this cohort study appear to be similar to others carried out under dental school conditions. Furthermore, endodontic treatment performed at dental schools and by practitioners engaged in endodontics tends to have higher success rates than treatment performed outside institutions for the general population (17) .
The initial size of the periapical lesion influenced the outcome of treatment in this study. As shown in Table 3 , the vitality of the pulp was a good predictor of successful therapy, as well as teeth presenting necro- sis without periapical lesion. The current literature has suggested that the prognosis for successful repair decreases as the periapical area of rarefaction increases (12) . When necessary, treatment should begin as soon as possible to minimize potential enlargement of the area of pathosis. Nevertheless, the early diagnosis of periapical pathosis in the public health system in Recife is a very difficult task. X-ray equipment available in public dental centers is still much behind the public demand and when the patient presents pulp pain, the treatment of choice for the dentist and the patient is normally tooth extraction. Restorative and endodontic treatment in Brazil is very expensive and mainly provided by the private sector. It is estimated that 70% of the time and money spent on dental care is in the private sector. Also, 67% of the total population has limited access to the dental care system. The number of tooth extractions in the adult population in Recife is still very high. A previous study in Recife, about the reasons for tooth extraction, showed that caries and sequelae were the main reasons for extraction (18) .
The success-failure rate of endodontic treatment is dependent not only on the given circumstances at the beginning of treatment but also upon the treatment itself. In the present study, pulp vitality in the logistic regression model presented an odds ratio of 3.66, meaning that the prognosis of successful root canal therapy in a vital tooth is 3 times higher than in the case of necrosis. Furthermore, when the anatomic root instrumentation technique was performed, the percentage of success increased (p<0.01).
In general, measures of socioeconomic status are meant to provide information about an individual's access to social and economic resources. In practice, numerous indicators fit this description. Among the most commonly used are education and occupation. Less commonly used, but potentially as important, are economic measures such as income, the wage rate and wealth. Years of completed schooling are reported with reasonable ease and reliability and are a meaningful indicator of socioeconomic status for virtually all adults (19) . These factors led to the selection of level of education and income in this study. The present findings showed no statistical difference between the quality of endodontic treatment and income; however, this result must be interpreted with caution. This finding may be related to the fact that the income profile of the population showed no differences in the group. In relation to the level of education, those individuals who had completed secondary schooling had a higher percentage of successful endodontic treatment (p<0.05). The literature reports that the link between socioeconomic status and health must arise from one or both of the following: poor health can lead to low socioeconomic status and low socioeconomic status can lead to adverse health outcome (19) . Furthermore, a lack of educational qualification is strongly associated with higher levels of disease (20) .
Although there is controversy in defining the factors influencing the success of root canal therapy, four variables in this study were good predictors for successful therapy: the level of education of the sample, pulp vitality, the periapical status prior to treatment and the technique of root preparation.
In conclusion, these results suggest that it is possible to attain very high success rates for endodontic treatment when both the intraradicular and the extraradicular causes of failure of endodontic treatment are well managed.
RESUMO
Um estudo de coorte retrospectivo foi realizado com o intuito de avaliar o grau de sucesso dos tratamentos endodônticos realizados 
